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TV SUBSYSTEM STUDIES FOR A
LUNAR MOBILE LABORATORY
By
J. C. McBride

ABSTRACT
q4018 oV
Three classifications of camera tubes are considered for a g?%w scan,
shuttered operation in a Lunar Mobile Laboratory. The material is based
on previous dscumentation of tests made on similar types of operatioms,
rather than on local testing. The choice of the SEC Vidicon is based
on the further testing of the ability of this tube to withstand the

‘

space environment.

The earth control station for the remote driving of the MOLAB is de-
scribed as to the display of the information necessary for successful
operation, Three methods of display of stereo television are described
with the advantages and disadvantages of each listed. A possible method
for including predicted position information on the television display is

also included.

The uses of television during the manned phase, i.e., the aids to the
scientific mission, also are investigated. Suggestions for providing

a limited spectral analysis capability to the television are suggested.

Feasibility of including a television monitor in the Command and/or

the Lunar Excursion Module is considered as to the weight, volume, and



power penalties. The weight and volume trends are described as the screen

size varies, and two examples of space qualified monitors are included.
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1.0 CAMERA TUBE ANALYSIS

1.1 INTRODUCTION

In the evaluation of camera tubes fo6r a specific purpose, the conditions
under which this tube must operate should first be specified. Since the
camera is exﬁected to operate during both the lunar day dﬁﬁ night, some
realistic values should be given for the available illumination under these

conditions. These may be derived by the following expression:

;87

where

Source illumination in lumens/m2 (lux)

L]

7&3 = Surface brightness in candles/m?
E
P = Lunar albedo

$ = Luﬁar pho;ometric function

The value of the photometric function ¢ is derived from the lighting and
viewing angles with a good assumption for this purpose being 0.2. The lunar

albedo varies from 0.176 to 0.05 and will be‘assumed'hg;e to be 0.07. The

surface brightness then is:

Lunar day | E <

15.7 x 10%lux 700 candles/m<

. Lunar night
- (earthshine) 7.58 lux 0.034 candles/m2

This means that the camera is viewing a surface having a brightness variation
of over 50,000:1. The actual faceplate illumination is found by the transfer

equation:



B = QB
4F°
where
E' = Photo cathode illumination (lux)

Optical transmittance of the lens system

g

3
]

f/number of lens focal length
aperture

Using a value of ¥ = 0.7 and F =l forishe-ilowl id ght ilevidval 'slightyhand using

F « 22 for the lunar day, the photo cathode illumination becomes:

Day E'
0.8 lux
Night 0.02 lux

The 50,000:1 brightness ratio has now been reduced by a variable iris to an
illumination ratio of 40:1 at the photo cathode. Further reduction of this
ratio can be accomplished by one or more of the following means.

1. The use of a higher f stop on the lens, which may not be mechanically

feasible.
2. The use of a neutral density filter inserted in the optical path.
3. The use of ALC (Automatic Light Control). This provides automatic

control of the tube's operating voltages, causing a variation in the

effective sensitivity of the tube.
4. The use of artificial illumination during the night operation.

Each of these methods has certain disadvantages. The insertion of a filter

increases the mechanical complexity and may require additional commands from




earth if not placed under the control of a local servo loop. Automatic

Light Control has been used to control sensitive variatioens as much as
10,000:1. However, ALC will cause some undesirable effects such as a variation
in resolution and lag. Optimum perfor;ance then could not be realized over

the entire range of light values. The ALC system may also be expected to
correct for variation in cawmcra performance caused by temperature.variations.

The. attractiveness of the ALC lies in its all-electronic local feedback nature.

The use of artificial illumination may be required even though the chosen
camera is éapable of operating with the minimum light levels. Due to the
extreme shadows and the peculiar photometric function of the luna; surface,
lights may be required for the illumination of obstacles either in.the manned
or unmanned mode. However, even if available, the more sensitive camera .

tube minimizes their use, reducing power consumption.

'Additionai considerations of environment must include the tube's ruggedness
to physical shock and vibratioq, temperature extremes during both the six-
month dormant phase and the unmanned operating phase, and size and weight.'
The latter should be based not only on the tube iégelf but on the entire
camera electronics package. The one-inch magnetically deflected and focussed
Vidicon is increased by a factor of 4 or 5 in weight and a factor of 3 in
volume when the deflection and focus coils are included. The relative sizes
of four camera tubes are shown in Figure 1-1. The weights as given are for
the ail;magnet type tubes. Hybrid or.all'electrostatic tubes would have a
slightly greater weight but not as much as the combined weight of the tube,
deflection, and focussing coils. Electrostatic models are available in all

basic types, but sacrifice some resolution.
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In regard to temperature, the tube, if possible, should be compatible with

the existing electronic hardware, avoiding the necessity of maintaining its

own special thermal control system. During the dormant phase, the tempera;
ture extremes are expected to be greater than in the unmanned roving phase; but
the cameras are still expected to be capable of operation during short

occasional checkout periods.

Consideration should be given as to whether or not a heating or cooling
period must be applied prior to this checkout, although the checkout could
be accomplished without requiring optimum performance from the tube due
to a non-optimum temperature. The amount of picture degradation due to
temperature variation can be catalogued prior to the mission. The'tempera-

ture extremes where permanent damage occurs must be known.

One further point must be considered in the choice of the camera tube.

Since it is expected that stereo operation will be provided for the drive
cameras, identical operation must be obtained from the two cameras. A
similar problem existed to‘a greater degree in the three-color camera system
where a higher precision in optics and mechanical components and the manu-

facturing qualiﬁy of the tube was required.

1.2 GENERAL SENSITIVITY

The sensitivity ratings as given in the manufacturer's data sheets are

usually in terms of the faceplate or photocathode illumination (therefore



flux density) required for a maximum or for a specified output current.
Neuhauser3 states that: "Light values required for a camera tube are
commonly expressed as the intensity of light in foot-candles that is
continuously required on the faceplaté of a camera tube operating in a
standard TV camera system". It is necessary then, for this application,

to consider the effects of a nonstandard (slow scan) system and the use

of interrupted (shuttered) light. 1In additibn, the scene that is televised
to produce the test signal for the rating also should be specified. The
specification is often given as a white rectangle on a black background,
which thenleliminates the aperture response effects or in other words
places the operation at the 100% point on the curve. The televising of

a more detailed picture causes a reduction in the peak-to-peak video output,
according ;o the aperture response curve and the frequency response

characteristics of the amplifier.

In some éa;es, the light transfer éurves used for depicitng sensitivity will
be annotated in values of flux (lumens) rather than flux density (in foot-
candles or lux); This then assumes a given scanned area which is usually
the maximm 4/3 aspect ratio rectangle to fit the tube's diagonal. The

conversion then is:

Flux (lumens)
Area (sg. in.)

X 144 s Flux density (ft.-candles)

In the metric system, with the area in square centimeters, the 144 factor

becomes 10% and the flux density becomes lux.

In the same paper, Neuhauser relates the camera tube sensitivity to the

familiar American Standards Association (ASA) exposure ratings normally

6




used in conjunction with photographic film. This rating is applicable

since camera tubes (with the exception of the image dissector) exhibit

the storage effect similar to film, the degree of output signal being a

-

function of both the incident light and the amount of time of exposure.

The ASA rating for the camera tube is:

ASA Exposure Index = K

Efp x Tf

wvhere:
Efp is the illumination required from highlights
T¢ is the field time where open .shutter optics are used or the
shutter time where interrupted light is used
K is the proportionality constant
K = 31.2 with Efp in lux

K =z 2.9 with Efp in foot-candles

Neuhauser also notes that the value of this rating when the tube is

operated in thé slow scan mode is useful for the Image Orthicon since

its sensitivity is inversely proportional to the scanning rate. However,
since the Vidicon kas a nonlinear sensitivity relationship to scan time, the
rating is useful only within narrow limits. It can be shown that fer a
Vidicon, the light required is proportiomal to the 3/2 power of the field fre-
quency3, and {f we assumc that at ibe standard scan Zate of 60 fields/second
a tube requires 10 lux, then the constant of proportionality is O,QZISQ Then
the light required at one frame/second would be only 0.0215 Iéx.; This un-
Teasonable figure is based orly oun the assuﬁption that thé tubg opeta:?ng
parameters could remain the same, which is entirely false since the target elec~

trode voltage must be reduced to maintain a reasonable dark current. However, as



noted in the tests, a gregter than linear gain in sensitivity is achieved
by reducing the frame rate. Further, when one considers the amount of
lag (which does not occur in film) the problem of extrapolating the values
obtained from standard rates to low scan rates and including the effect of
the shutter is further complicated. The above testing was done with a

stationary test pattern.

The ASA Exposure Index system could be.useful once a new base figure is
established at the low scan rates, and the prediction of the effects of
small changes in the parameters is needed. The new base figures would be’

determined by experimentation rather'fhan mathematics.
1.3 ' RESOLUTION

The resolving capability of a tube usually will be given in terms of a
limiting resolution. This rating is the péint where the response at the
center of the scanned area is reduced to such a degree that the resulting
signal is neéligible;it“is lost in the noise . of ithe:system. . A more descrip-
tive picture of the response is seen in the apertufe response curve of which
a typical curve is shown in Figure 1-2. The curve is. the plot'of the mea-
sured peak-to-peak outpué signal when imaging a series of test patterns
containing a successively greater number of light and-dark vertical b;rs.
The output signal usually is hormalized to unity at the zero line number.
The twO'cﬁrves in the figure represent the relative signal output from the
cénter of the scannéd‘area and the output from a corner of the area when
the beam foéussing is adjusted for optimum resolution at the ceﬁter. ihis

loss of resolution at the corners can be reduced somewhat by the use of
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dynamic focus circuitry if the particular tube is so designed to accept it.
Dynamie focus is the addition of a small amount of the horizontal and
vertical deflectihg voltages, shaped into parabolas and applied to the

focussing anode.

It is possible to improve the response of a tube by shaping the response éf
‘the associated amplifier. 1In general this is called aperture correction
and is defined as the phase distortionless boosting of the high-frequency
components of the video signal. It is done, however, at ﬁhe sacrifice of
the signal-to-noise (S/N) ratio since it boosts the noise as well as the
signal. The pick-up device, therefore, must produce a signal with a high
intrinsic S/N to the preamplifier. The Vidicon type tube which has this
capability and aperture correction is u;ed with good results in these
camera types. The Image Orthicon, using an electron multiplier and
producing the greatest amount of noise in the low-light areas of the
picture, is limited in the amount of aperture correction that it can

use.

The ideal aperture correction, therefore the response curve of the
amplifier, would be the complement of the aperture response curve of
the tube. Notice that the aperture correction still does not extend the

limiting resolution figure for the tube.
1.4 LAG

In a slow scan television system, the lag characteristic becomes one of

the most important factors to consider. Lag refers to the retention of

10




the image after scanning has been completed. It usually is defined.in

terms of the percent of image remaining after a single scanning. .Additional
scans without additional exposure cause a further reduction in the image,
usually on an ekpodential curve. 1In the openeshutter commercial scanning
system, the lag becomes important only when televising fast-moving objects
where a certain amount of smear will result. This low amount of lag is due

to the relatively large number of scans that will occur per unit time.

Consider now the peculiar application of the vehicle television cameras
where the frame rate must necessarily be limited (in order to conserve
bandwidth and therefore transmitter power) to less than 5 frames/second.

In the proposed conceptual design, a frame rate of one and an exposure

time of five milliseconds was selected. The frame rate is based on band-
width limitations and the exposure time to prevent image smear in the worst
case condition of a turn. The photo cathode then is exposed to a five
millisecond pulse of light which will result in a stored charge to be -dis-
chargea as much as one second.later. The discharge of the image must be
fairly complete or the residual image will appear in the following cycle or
cycles. The degree of retention of the image that can be tolerated must
necessarily be a function of the particular application of the system and

should be investigated under simulated conditions of the application.

1.5 DYNAMIC RANGE

Thg dynamic range of the camera tube -is a number to express its ability to
handle wide ranges 6f*light levels without readjustment of an operating

potential. This value is defined as: ''the ratio of the maximum signal

11



that the target can store without saturating to the minimum detectable
“gignal", 1Its value is a measure of the ability of the target to success-

fully portray scenes containing highlights as well as shadows.15

The neceséity for a ﬁide dynamic range is much greater for the cameras

on thé lunaf‘surface than it would be in a studio where the lighting is
carefully and coptinuously controlled to eliminate the deep shadows. A
camera on the lunar surface, at a height of two meters and depressed 20°,
panned through an angle 9f1180°,‘observes a scene whose brightness varies
from é maximum of 3105 candles/m2 to a minimum of 203‘cand1es/m2. This is
based on a constant albedo of seven percent. If variation in albedé also

was considered, the ratio would be higher than the 15:1 value.
1.6 GAMMA

Gamma is defined as the slope of the light transfer curve of a particular

tube, expressed mathematically as:11

where:

Is is the signal output

E{ is the incident illumination on the faceplate

¥ is the equalizing exponent
The ideal gamma of a camera tube would be that value that would just
complement the gamma of the output device, the picture tube. The picture
tube's gamma usually has a value of approximately 2.5, dictating an ideal
gamma of 1/2.5 or 0.4 for the camera tube. The gamma of the Vidicon will

range from 0.6 to 0.9, depending on the target material; but more important

12




is the fact that it is relatively constant over a wide range of operating
potentials and light values. Since it is predictable, it can be compen-

sated for by a gamma correction circuit.

The Image Orthicon's gamma will depend on the point of operation on the
light transfer curve. When the highlights are just allowed to reach the
knee of the curve, the gamma is then quite high. If the lens is opened
one or two stops above this point, the gamma is reduced to about 0.65.

However, this means a reduction in sensitivity by a factor of four.

The gamma for the SEC Vidicon is reported as unity but the tube does not
have the limiting point characteristic of the Image Orthicon and the gamma;

therefore, it can be corrected by the associated circuitry.
1.7 VIDICON

The Vidicon is characterized by its small size, ruggedness, high intriﬁsic
signal-to-noise ratio, good resolution, and reasonable power supply re-
quirements. Physicaliy, it best meets.the requirements of the space en-
vironment. The points’@n“duestion-regardingpyts-use are the relatively -
low sensitivity and the high degree of lag that occurs when the tube's

parameters are adjusted for maximum sensitivity.

The main controlling parameter in the operation of the Vidicon is the
signal electrode or target voltage. To best illustrate the effects when

varying this voltage, the combined diagram of Figure 1-3 is used. The

13
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lower two curves show the important reverse relation between sensitivity
and the percentage of lag. Operation at the higher target voltages pro-
vides the maximum sensitivity, however, with the corresponding increase

in lag. Secondly, then, we see the expodential rise in dark current. The

!

maximum sensitivity operation of the Vidicon may be either the point of
intolerable lag which will depend on the type of intended operation, or the

point at which the dark current becomes excessive.

Dark current is defined as the current flowing in the signal electrode in
the absence of any faceplate illumination. As long as the dark current is'
constant over the entire scanned sufface, the resulting direct current
component may be blocked from the signal component and therefore ignored.
However, at high signal electrode voltages and/or a high operating'tempera-
ture, the high dark current becomes nénfuniform over the entire surface, and
the resulting #.c. component appears as an objectionable ;hading. The point
at whigh tgls shading becomes sizable as compared to the iow lights then
sets an upper limit to the signal electrode voltage and, therefore; a limit
on the sensitivity. 1In any given tube, tﬁe ratio of the a.c. compbnent to’
the average value of the dark current is a function of the target uniformity
and should be relatively constant. The responsibility of the construcpion‘
of a high sensitivity tube then lies in the manufacturer's quaiity control
of the target so that the tube may be operated at a high average dark
current, therefore reducing the aforementioned ratio.

The upper curve in Figure 1-3 -finally shows the effect of temperature on .

the tube operation. To maintain the same dark current, the signal electrode

15



voltage must be reduced as the operating temperature increases. The
sensitivity, therefore, is inversely proportional to the temperature,
The desirable operation is then at a low stabilized temperature. Figure

1-4 shows actual illumination required for a given signal current,

Operation at low signal electrode voltage provides a "fast" and stable
camera operation, The lower limit of this control voltage is the im-
proper beam landing that occurs in the corners of the rastér. This
effect occurs at approximately + 5 v on.the target while a signal is

generated only in the center of the picture.
1.7.1 VIDICON SIGNAL-TO-NOISE

It usually is assumed that the noise generated within the Vidicon is

small when cpmpared to that contributed by the first stage of the as-
sociated preamplifier. In order to provide aperture corféction, and in

an attempt to equalize the response for increasing frequency, the émplifier
becomes a high peaked circuit. Then the signal-to-noise ratio usually is
given aé 100:1 (peak-to-peak signal to rms noisé) or as 300:1 visual
equivalent signal-to-noise. This is obtained with'a céscade (low noise)
amplifier at the recommended highlight signal output of 0.35 uAmps. There-
fore the equivalent noise cur;eﬁt at the input of the éﬁplifier was 0.35/100
or 0,0035 yAmps, The term ”vi;ual equivalent signal-to-noise ratio" was
coiped $§ Nguhauser11 where the 3x gain is due to eye tolerance to - high

frequency noise.

16
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1.7.2 OPERATION OF THE VIDICON AT SLOW SCANNING SPEEDS

In general, operation of the Vidicon at slower than standard scanning
speeds will:

1. Show a slight increase in the resolution capabilities.

2. Present an appreciable gain in the sensitivity of the device for the same

signal-to-noise ratio.

3. Provide a reduced problem in the lag characteristic.

4. Show a loss of dynamic contrast range at the lower rates. k

In Figure 1-5, the results of the experimental work done by Shelton aﬂd

Stewart5 in their operation of a Vidicon at slow scanning rates is shown.

The graph is a collection of data taken from several graﬁhs in the paper, with
the tests being made with a constant number of scanning lines while the frame
rate is varied between four discrete values. Under these conditions then,

the bandwidth and the noise current is reduced proportionately to the frame
rate. The constant signal-to-noise ratio curves deviating from the vertical
show the increase in sensitivity that is achieved at the slower scanning rates.
The increase is much less than the theoretical maximum that could be achieved.
The high theoretical gain is based on the idea that the Vidicon will produce

a constant output signal regardless of scanniﬂg time and that the noise is
directly proportional to the bandwidth. Therefore as the fraﬁe rate is reduced,
the sensitivity is inversely proportional to the frame rate. The false assump-

tion involved in this conclusion is that the tube operating conditions can

18
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remain the same. In actuality, the dark current will increase due to the
slower scanﬁing and the variation in the dark current may beégme a significant
part of the output signal. To counteract this effect and keep'the ratio of
signal current to dark current within reason, the signal electrode voltage
must bevreduced as the frame rate is decreased, yielding a corrgsponding

decrease in sensitivity.

Another fallacy in the curves as mentioned in the report is due to the testing
procedure. The tests were made using an Image Orthicon type of preamplifier
which has a relatively flat frequency response instead of the normal Vidicon
low-noise first stage and high frequency peaking (aperture correction). 1In
the I1.0. (Image Orthicon) preamplifier, the noise reduces 1inearly\and in

the Vidicon preamplifier the noise would be reduced expodentially. Because of
this, the noise values used at the lower frame rates are somewhat high, making
the constant signal-to-noise lines intersect the light transfer curves at

B

higher illumination values than the theoretical.

It also should be remembered that the type Vidicon selécted is not characteristic
of the newer types now available that can be operated at a much higher dark
current (by a factor of ten). Remembering that it is not the high average

values in the dark current that limits thé operation, but the variations that
exist due to non-uniformities in the target, future manufacturing techniques

can result in higher sensitivities.

The loss in dynamic range also is apparent by noticing the increased flatten-
ing of the curves as the frame rate is decreased. This again is due to the

required decrease in signal electrode voltage causing saturation of the target
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by the highlights. The limitation occurs when the signal voltage becomes
a large part of the signal electrode voltage, which should be as severe in
the newer types operated at a higher darﬁ current and a higher signal

electrode voltage.
1.7.3 RESOLUTION WITH SLOW SCAN

The resolution of the Vidicon is only a function of the dimensions and the
shape of the scanning beam itself.11 The increase in resolution that occurs
at the léwer frame rates is due to a reduction in the beam size at the lower
beam currents that are used. Figure 1-6 depicts the resulting plots of
aperture response curves as measured by Shelton and Stewarts. These curves
show the increase in limiting resolution that occurs when the frame rate is
changed from 10 frames/second to one frame/second. At 500 lines resolution
(the probable value for this application), the response increases from 10 to

B3

20 percent.

1.8 IMAGE ORTHICON

Thg high sensitivity of the Image Orthicon makes its choice hard to ignore,
when considering the low illumination levels on the lunar surface. By using
an image intensifier having a gain of 50, the overall sensitivity rating can
be based on a 10-7 lumens/m2 faceplate requirement. The penalty paid for
this high sensitivity should be evaluated before going to the simpler pickup

devices. .

21



100

Ten \ \

‘Frames

Per Sec ~\\‘\\~.
h“\\\\‘sh"~\~

0 100 200 300 400 500 600 700

Television Line Numbers

N
(=]

3‘8°L

o

)

A,

o

= N\,

g 60# ' One
3 Frame
- Per Sec
Egao[ . N

[

>

ord

P

o

i

[\ ]

o

FRAME RATE EFFECT ON RESOLUTION

FIGURE 1-6 APERTURE RESPONSE CURVES
(Taken from Shelton and Stewart,

Pickup Tube Performance with Slow Scanning Rates)

22




The first point of consideration is the high comparitive complexity of

the Image Orthicon which becomes salient when considering remotely controlled
operation. The simple I. O. (no intensifier) has fifteen applied potentialg,
not considering deflection or focus'currents, of which seven usuaily'are
made'adjustablé. Compared to this, the Vidicon has six applied potentials

of which three are made variable. The potentials themselves cover a range

of 1800 volts for the I. 0. while the Vidicon reqtires approximately 400

volts for operation.

All-electrostatic models of the Image Orthicon have been constructed, but
these would still be four times heavier than the comparable Vidicon, while
the volumetric ratio would be approximately 22.5:1. The increaée& circuitry’
necessary for the I. 0. includes extra controls, the bleeder networks, ana

a high voltage power supply for the electron multiplier. This is not con-
sidered excessive as is; however, when one considers that the extra controls
may require one servo loop each for the remote operationi the additional

size and weight becomes appreciable.

When sensitivity ratings are given for the Image Orthicon, the actual point
of operation in reference to the knee of the light transfer curve must be
specified. In Figure 1-6, the curves of several tubes have been showﬁ.
Depending on the type of operation desired, the "highlights' may be placed
‘at the knee of the curve, or one or two "stops' above the knee. For example,
the 5820 curve shows the knee at 0.2 lux while highlights at two stops

above Ehe knee are 0.8 lux on the photocathode. Descriptive litérature,

‘however, will say the tube can produce signal information 10.3 lux on the

photocathode. Operation at one or two stops above the knee is desired in
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broadcast operations (except colorcasting) due to the aesthetical value of
.4 s

the contrast enhancement that occurs in this type of operaticn . Fcr this

application, operation with the highlights just reaching the knee of the

curve would be more desirable, and would provide a more realistic picture.
1.8,1 SLOW SCAN OPERATION

In Figures l-7a and 7c, the results of tests made by Shelton and Stewart5
when operating a 5820 Image Orthicon at slow scan'rates are shown. The
light transfer curves of 1-7a show'the loss of the highly defined knee

when compared to Figure 1-6., The kneeyalso shows a shift to the left as

the frame rate is reduced, indicating saturation at a lower light leyel-(
In Figure 1-7c, the increase in senéitivity can be seen. The required light
level indicated is baéed on that value necessary to produce a signal-to-noise
ratio of ten. The curve would be more linear at the lower frame rates, and
therefore wouid show a greater sensitivity, if the'equiment with which the
tests were made was designed for a particular frame rate. As pointed out by
Shelton and Stewart, the amount of light required is directly proportional
to the frame rate (for a constant S/N and a constant number of scan lines),

and this theoretical increase could be more ciosely approached if the equip-

ment and the tube itself were considered.

Figure lj7b-shoys the effect of‘target temperature on the resolution. The
curve indic;tes the maximum temperature before degradation of picture
quaiity. This variation is due to the increase in target conductance at

the higher temperatures which possibly could be controlled in the manufacture

of a special tube.
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FIGURE 1-7 IMAGE ORTHICON OPERATED IN SLOW SCAN MODE
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Temperature sensitivity of the Image Orthicon in general is greater than

that of the Vidicon. In the Vidicon, a rise in temperature is compensated
for by decreasing the signal electrode voltage accompanied by a corresponding
decrease in the sensitivity. Variation in the Image Orthicon temperature
will show an appreciable decrease in resolution at the higher temperatures,

and an increased lag at too low a temperature.

None of the above can be considered as an insurmountable obstacle preventing
the use of the Image Orthicon. However, when considering the accelerating,
vibrational, and shock forces that the camera will be subjected to during

the launch and landing of the vehicle, one looks for test data in these areas,
The lack of such data and the study of the construction of the Image Orthicon
is indicative of the weakness of the tubelfor operation under hazardous
conditions, The physical weak éoint of the tube is the target aésembly which
consists of a glass membrane, 2-1/2 inches in diameter, and 0.0002 inches thick,
supported by a metal ring. Place in front of:the:target»at a distance of 0.001
to 0.003 inches is a mesh screen. The uniformity of the separation of the

two and the "flatness'" of the glass is critical to the quality of the result-
ing picture. The structure is sensitive to vibration such that a high speed
blower operating near the tube could introduce an a.c. component into the
signal. A more rugged verison of the Image Orthicon has been built to reduce
the vibrational sensitivity. At the cost of a reduced signal-to-noise ratio
and reduced dynamic range, the target-to-mesh distance was increased from

0.001 to 0.0025 inches. The amount of displacement of mesh due to vibration

is now a smaller percentage of the total distance, and the a.c. ¢omponent
introduced into the output by vibration is proportionately less. Figure 1-6

shows the reduction in the dynamic range with the knee of the curve at the
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3 uvAmp signal level. Tests with an experimental Image Orthicon where the
target-mesh spacing was increased to 0.150 inches caused a large déviation
from the typical I.0. curve. The sharp saturation points were not as
apparent, allowing a greater dynamic range; however, the transfer curve was
no longer linear. The signal-to-noise ratio of both wide?spaced tubes is as

much as 35 db less than the narrow-spaced tube.
1.9 SEC VIDICON

The Second#fy Electron Conduction Vidicon is a pickup tuge designed to over-
come the two limiting characteristics of the Vidicon while attempting to
maintain the desirable Vidicon features of compactness, ruggedness, high
resolution, good intrinsic signal-to-noise ratio, and the low demanding power
supply requirements. The two limiting characteristics of the Vidicon were the
relatively low sensitivity and the high degree of lag occuring with the tube

6perated in its maximum sensitivity mode.

The Westinghouse SEC Vidicon consists of a photocathode producing an electrén
image which is accelerated to impinge on the SEC targét. The total image

gain or the gain before scanning is given as 300, making the tube approximately
300 times as sensitive as the simple Vidicon. The target is scanned from the
opposite side by a Vidicon type gun using direct beam readout, although the

feasibility of:return.beam scanning with an electron multiplier is being

‘considered...

The resolution capabilities are limited by the image accelerator portion of

the tube indicating that the resolution would be lower than that of a
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Vidicon which does not have a similar component. The limiting resolution
of the presentvtubes is 600 lines, which is marginal for this application.
Aperture correcfion is feasible due to the high intrinsic signal-to-noise
ratio, but would not apply if the return beam electron multiplier were used.
No degradation of resolution occurs because of the shadowing effect of a

mesh in front of the target such as is in the Image Orthicon.

In the Vidicon, a slight increase in resolution was seen when the scanning
rate was decreased. However, the resolution in the simple Vidicon is a
functién of the beam current and shape which are reduced ét the lower rates.
The SEC Vidicon resolution is not a function of these factors so it is
questionable as to whether or not a similar increase will appear at the

lower scanning rates.

The image section of the tube requires an accelerating potential of eight
kv, which takes it out of the class of the simple Vidicon that required
approximately 400 volts for operation. The deflection and focussing

potentials would approximate those of the Vidicon.

The SEC Vidicon can operate with a wide dynamic range of 100 or more
without a readjustment of the beam current.” This is on a par with the
simple Vidicon and is much better tﬁan the Image Orthicon which has a
dynamic range of 18 at the most without a readjustment of the beam current.
In addition, automatic light control is feasible when similar to the

Vidicon but unlike the Image Orthicon.
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The second prominent disadvantage of the Vidicon other than sensitivity

is its tendency to have a high degree of lag when operated at a high target
voltage for maximum sensitivity. This deficiency becomes more apparent
when operated in shuttered slow-scan operation without an erase cycle.
Figure 1-8 compares the simple Vidicon and the SEC Vidicon in regard to
this characteristic. Westinghouse describes this operation as the '"most
unique single characteristic of the SEC target'". The curves for the
Vidicon are probably not a true representation of the latest designs for
slow-scan operation. When operated at standard scan rates, 60 fields

per second interlaced with beam overlap, the target is scanned 12 times

in 0.2 seconds --- the normal retentivity value for the eye.

The main point of limitation in the use of the SEC Vidicon would be its
ability to withstand the acceleration, vibration, and shock environment

of the Saturn V launch and the 1unar landing. No data is presented on this
phase of the tube's tests. However, some conclusions can be drawn by

considering the tube's construction.

The weakest point is the physical construction of the tube Wwould be the
target and its mounting. The target consists of an aluminum oxide film

of about 1000 Z (0.1 microns, 3.9 x 10-6 inches) thickness, covered by a
layer of aluminum 500 Z thick, coated by a third layer of KC1 25 microns
thick, but having a very low density. The entire target then is supported
by the aluminum oxide film attached at its periphery to a Kovar ring. The
diameter of this target is approximately one inch and it is questionable as
to whethér or not the target structure could withstand a large magnitude

shock,
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The SEC Vidicon then possesses all the desired features for a camer# tube
opefated under the shuttered, slow-scan, high resolution conditions with
the exception of a lack of ruggedngss and with the requirement of g high
voltage supply. The almost complete discharge of the image after a single
scan,'and its relatively high sensitivity with the probable oberating
conditions make it :the most attractive aof the tubes. Tubes having electro-

static deflection and focus have been built and provide substantial weight

and size savings.

The Image Orthicon's high sensitivity 1s overshadowed by its complexity and
low dynamic range. New developments in ruggedized tubes may bring it to the
point that it could withstand the hostile environment of the lunar-trip;
however, data on this phasé is conspicuously absent. In regard to the high
sensitivity; R. A. Leels, states, "With the same photocathode sensitivities
and active’areas, Image Orthicons are three to ten times more sensitive than
SEC Vidicon when operated with continuous faceplate illum;nation and at 30
frames/second.  However, when using single shuttered exposure or when there

is significant motion in the image, the SEC Vidicon becomes more sensitive,

than the Image Orthicon."

Since shuttered exposure 1s the type of operation that is required hefe, the
Image Orthicon and especially the Vidicon would require operation in their
least sensitive mode to prevent stickiness or lag in the pictures. -

The SEC Vidicon is chosen for _this particular application contingent to its

ability to withstand the adverse environment.
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2.1

2.0 EARTH STATION

INTRODUCTION

The final design of the earth station, from which the remote driving of

the lunar vehicle will take plaée, will be the result of extensive sim-

ulations made under conditions that closely approximate the actual prob-

lem.

1.

The conditions of simulation' are:
The vehicle should:matchithecactual MOLAB.physic¢al . dimensians. and

locomotion characteristics.

The driving surfaée'should«&imulate'the~1nmag.terraincaccarding to

data obtained from the Ranger and Surveyor missions.

An actual control station with an artificial delay system should

simulate the earth-moon transmission delay.

The purpose of this section, then, is to:

1.

Investigate the information that will be available via television,

telemetry, and data derived from these sources.

Investigate information that can be obtained from the commands

being sent to the vehicle.

Formulate a presentation system of this data to act as an initial

system, to be modified on suggestion of the drivers as they conduct

their testing and training program.
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The function of the drive station could be divided into three ph8ses during
the mission. In the unloading phase, the MOLAB will be controlled from the
station through the use of television. This control procedure should be

relatively simple. In the unmanned driving phase, the station will function
in its most demanding role, and should be designed to accommodate the re-

quired conditions. In the third phase, the manned MOLAB stage, the station
becomes more of a data collection and monitoring point with the possibility

of acting as primary control of:theeMOLABi.upderiemergency conditions.

It is assumed at this time that two television cameras agoard the MOLAB are
relegated to the remote driving task. A third camera might provide a rear
view on command of the driver. The two forward-looking cameras are pro-
vided for redundancy, but the way that they are used under normal con-
ditions has not been firmed. The choice of methods could be selected

from the following:

1. Only one camera is operated at a time with the ofhe; in a standby
condition. The single c&mera>wOuld~be operated at twice the frame
rate, slightly reducing the delay time in the control servo loop.
Conservation of camera operation time also could be provided, if

this were considered a problem.

2. Both the cameras are operated as a stereo pair. In tests using a

lunar model, M. E. Amdursky6

, senior staff engineer, Bendix Systems
Division, states, "If provisions for stereo techniques can be accom-
modated at all on such missions, they should be included'". The cameras

would be simultaneously exposed for proper registration, and then

read sequentially. /The disadvantage in the+itsd of this.gtereg system
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lies in the fact that the frame rate is reduced by two when compared

to system 1.

The cameras are operated in a bifocal system with one camera viewing
through a short focal length lens and the other through a variable
focal length normally set at a long focal length. The value of such

a system would be that the driver, using the short focal length
camera, would be avoiding the present obstacles, whilé a second driver
viewing:the more distant@fitertain could investigate the future problems
and décide the overall course. The same informatién could be obtained
by the other systems at the penalty of s;op-and-go driving techniques.
In this mode, the two cameras would not have to be exposed simul-

+

taneously as in stereo operation.

The two cameras are so oriented as to provide the maximum horizontal
v

field of view. The cameras would view areas side-by-side, possibly

with some overlap. Simultaneous exposure might be desirable, but

would not be considered absolutely necessary.

Bi-color operation is not considered feasible, but is included for com-

pleteness.

The probable choice of operation will result in the selection of either

system 2, 3, or 4, each of which has desirable features. Muiig; Amdursky6,

states, regarding stereo, "The pits.and depressions likerﬁtdtbé«found at

ground level observation are all but invisible using non-stereo:techniques

--- but the same view on a stereo basis shows them clearly".
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The advantages in the bifocal system (system 2), are that some of the pres-
sure is taken off the primary driver and that a certain amount of planning
occurs in this system which would not appear in the others. This could

have a great deal of significance in regard to power consumption.

The third system, providing the maximum horizontal field-of-view, is
included in reference to a comment made by the test subjects after an
experimental program of driving by television which included a long delay
in the control loop. (See Reference 3, page 66.) '"Both the drivers feel
that their performances are adversely affected by not having a wider view-
ing angle." The:.effécts of the present 53° viewing angle-are, described in
the maze experiment discussion. 1It.'is strongly recommended that means for
increasing the angle of vision be considered and used, if possible, in

future studies,.

It is felt that this complaint, at least in part, is psyehological iﬁ that
a driver in the car enjoys approximately 180° horizontal field—of-vie&
without turning his head. The drivers of the test vehicles were possibly -
worried about what was coming toward them from the side streets. Extensive
training could alleviate tﬁis fear and let them aécept the mathematically
determined narrower field of view. Therefore the selection should be be-
tween systems 2 andA3, and the final—determination made by drivers in a

closely simulated system.

2.2 THE VIDEO DISPLAY

There should be no problem for the display of system 3, bifocal operation.

The CRT (cathode-ray tube) displaying the far view could be mounted above
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the near view, with the secondary operator standing behind the driver. Both

men, of course, would have viewing capability of both displays.

There is some area of choiée in the presentation of stereo television as
seen in Figure 2-1. The three systems illustrated each have certain ad-
vantages and disadvantages.. The system employing the color tube has the
registration and convergence problems inherent to the color tube; the red
display appears black through the red filter with the blue display being
highly attenuated. The same problem applies for the other eye with oniy the
blue display being seen. This system has been used by Bendix in certain ex-

periments.

The Polaroid system would be the simplist mechanically, although the ihage
intensity is lessened considerably and dual monochrome CRT's are required.
A higher attenuation of the unwanted image could be achieved with this

system.

The attenuation of light by filters in the other two systems is eliminated
by the use of the metor driven shutter in the third system. Alternate left
and right video is displayed on the one CRT with the shutter passing the
proper display to either eye. The shutter must be synchronized to the ver-
tical frame rate of the scan converted video and a phasing adjustment is

necessary in the motor control.

The last two systems were demonstrated in 1955 at the American Television
Institute, Chicago. In all three systems, it is recommended that the CRT's

display a normal 60 fields/second as delivered by the scan converter from its

1/2 to 5 frames/second input.
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I1f the choice of a system were to be made at this time without the bene-

fit of objective testing, the Polaroid system would be selected. The re-
solution capabilities of the present color tubes would not meet the criteria
of the problem. The side-by-side CRT's, however, would cause the driver to
focus at a distance farther than the plane of the display panel, which

might cause some fatigue if he were required to shift his view to in-
struments mounted beside the panel. This problem éould be solved by optically
superimposing the two images as in Figure 2-2. In this solution, only one

CRT is illuminated at a time, and they alternate at a 60 cps rate.

2.3 SECONDARY DISPLAYED DATA

Through telemetry, additional data can be made available to the driver.
This data should.be sorted as to its importance and displayed accordingly.
The driver should not be encumbered diregtly with such functions as power
management and overall course, but should be concerned only with such data
that aids‘him in obstacle avoidance. A seccnd driver, coordinator, or
p1§nner will analyze the overall progress and future goals, and feed such

data as necessary to the driver.

Of primary importance to the driver describing the vehicle dynamics would

be the vehicle velozity and the turn angle or wheel angle. In order to
provide the driver with a more realistic feeling for the velccity, an audi-
ble tone could be used as an indication of the speed. The tone would be
generated by a variable frequency oscillator whose frequency is proportional
to the velocity. A visual indicator of velocity would be avaliable also, but

should be used only as a confidence device, since its use would require that
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the driver's eyes shift from time to time off the video display. The
actual value of the velocity data may be obtained from telemetry, however,
lagging in time by 1.3 seconds, or a synthetic value may be taken from the
commanded value and delayed 1.3 seconds to coordinate its valﬁe with the
vehicle's actual speed. The delay, therefore, puts it in real time. The
y}sual display should indicate both vaiées on a dual meter such as is
shown in.-Figure 2-5; however, the‘audio indication should show the delayed

commanded value.

The turn angle should be treated in the same manner although no audible
indication of turning is p?ovided.r A dual meter again is used to show the
commanded value delayedlartificially and fhe,received value (actual) which
is unavoidably delayed. For both velocity and turn angle,‘the two values
should indicate the same, except for a 1.3 sécond period following the
actual movement of the vehicle. For example, the driver commands a right
turn. One and three-tenths seconds later the vehicle actually executes

a right turn and the commanded value meter swings proportionately to the
right. After another delay of 1.3 seconds, the true turn angle is fe—
ceived via thé'télemetry and is shown on the other meter which now swings

to match the first meter.

Additional indicators available to the driver will denote the televisiom
camera angleé (azimuth and elevation) and the focal 1enéth of the lens,
aSSuming.thét a variable focal iength type is used. The actual azimuth
angle of ﬁhercameras will be that of wheel turn angle, allowing the driver
to “see" in the direction he is turning, and also reducing the smear problem.

Additional camera panning is allowed through a control and this angle should
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be displayed as the deviation from the normal, i.e., the angle pius or minus
the wheel angle. A nominal depression angle will alsd be determined with
an additional capability of deviating from this normal. The deviation will
be displayed. The orientation of the meters should be indicative of the

actual action involved.

A nominal value will be used for the focal length with a control and in-
dicator of telemetered value to cause and indicate deviations from this
nominal value. If a turret lens system is used, warning lights can alert

the driver that the wrong lens for driving is being used.
2.4 PREDICTOR

The use of a predictor or anticipator is considered highly desirable for

. . . 18,19,21
any control system containing a long delay. It is shown in tests ° 7°

that
the tracking ability of a system with a delay and using a predictor can
approach that of a system not containing a delay. In general, a predictor
will provide an immediate display.of the effects of a command that thke
operator may insert into the system. Without such aid, the driver does

not see the effect of a command that he has applied until twice the earth-
moon delay time has elapsed. The effect of this delay in feedback informa-
tion causes the driver to overshoot and oscillate about a desired trajec-

tory. Even disregarding the probable loss of the vehicle, the increased

power consumption decreases the overall of a successful mission.

The additions to the system, for the predictor, will require a small

analog computer with trigonometrical function capabilities and some form
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of video generator to convert the d.c. outputs of the computer to a format
presentable on the monitor. The ccmputer portion will accept as input the
turn éngle as commanded by the operator and will produce an extrapolated
theoretical future point as a function of this angle and time. Phe dis-
pléy portion of the unit accepts this output and produces video outputs
representing the future data. This video data is then mixed with the

video from the vehicle cameras and is displayed on the monitor.

It is desirable that the predictor show basically two forms of infor-
mation: the effect of an inserted turn, and the projected width of the
vehicle on the terrain in front of the vehicle. The final design of the
computer and the display unit will depend on the vehicle dynamics, the

type'of steering used, camera perspectives, etc.

One form of display generator is described by Arnold and Braistedzo, and
uses an X-Y recorder with the substitution of a marker for the pen. The
marker is positioned according to the computer outputs and represents the
e#trapolated future position. The recorder is televised by a camera po-
sitioned to give the same perspective as the vehicle's cameras and the re-
sulting video is mixed and displayed with the vehicle's camefas. This form
of generation of video is unique in that it is simple to obtain the proper
perspective and can be easily changed if required due to a change in the
vehicle's camera depression. Thke device, however, is based on a ''crab"
type steering (sll the wheels turn) and does not provide the second form

of information, the projected width of the vehicle on the terrain.

With some modification, this principle can be adapted to the Ackermann type
steering and will show the additional information. In Figure 2-3, a unit
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similar to an X-Y recorder is used with the exception that more powerful
motors would be required. At the intersection of the drive arms, a metal
block, free to turn, provides a sliding support for two flexible rods,
anchored at 6ne side of the recorder as shown. The television camera views
the device“frém a position to the side and somewhat above the recorder as
was used in the Sfanford device. This again provides the proper perspec-

tive, to match the view of other video.

The two rods are the only parts reflective to light and therefore are the
only parts that will be seen in the resultant video. The two rods will
represent the tracks of the veticle and therefore impart the width of the

vehicle at any point on the approaching terrain.

The sketches of Figure 2-4 A and B show the effect of superimposing the
flexible rods on the lunar terrain. The top sketch shows the future'path
with no turn inserted, while the bottom sketch shows the driver when he
has inserted the proper amount of turn. The distance between the two
lines, at any point, is indicative of the width of the vehicle on the
terrain ahead. The lines indicate that the vehicle coﬁid safely go be-
tween the two craters but could not pass to the left of the center crater.
The curvature of the lines shows the driver immediately when the correct
amount of turn angle has been inserted. The ends of the lines can be used
to show some future distance point which may be a specified distance or
which may be computed as a function of the vehicle velocity and time. The
portions of the rods beyond the pivot block can be eliminated from the

video by placing a blackened light shield that is movable and is attached to

the X-arm of the generator.
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FIGURE 2-4 TERRAIN AND PREDICTOR SUPERPOSITION

45



It should ‘be noted that the use of the predictor does not further
complicate'the vehicle, but does involve the ground equipment, with
the only real system penalty (other than cost) being that the television
display is somewhat cluttered by the superimposed display of the predic-
tor output. The design of the display, therefore, is to include as much

information with the minimum amount of clutter.

It was stated that the driver should only be concerned with obstacle
avoidance and that overall course information could be fed to the driver
by another operator. The information can be obtained from a plotter driven
by the telemetered heading and velocity data. The plotter is initially
positioned to the coordinates of the MOLAB point of landing and moves in
coordination with the actual vehicle movement toward the desired final
position, the point of landing of the astronauts. The second operator
gives voice directions to the driver as he attempts to maintain a straight

line path between the two points.’

A final suggestion for the driver's station is to include the capability
of recall, i.e., the driver should be able to look, on demand, at the
previously recorded pictures. This could be done by pressigg a button
causing the monitor to display the previous pictures in a reverse order
until a second button is pressed, resetting the recorder. Alternately, a
dial is set to a given time, causing the recorder to rewind back to the
specified point and then read out to the monitor the recorded tape. The
procedure would only be done while the MOLAB 1is stopped and would be used

for retracing a path while looking for an alternate.
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2.5 DRIVING PANEL

In Pigure 2-5, the complete driving panel is shown with the exception 6f the
minor function switches for camera power, target and focussing adjustments,
etc. .The area parked "warning lights" is to indicate excessive temperature
and other abnormal conditions. Included in this category are-lights to in-
dicate when the camera §zimu£h, elevation, and focal length are set to
values other than those that the driver normally uses. This can warn him
that the predictor indicator is not showing the correct values. A steering
wheel is chosen rather than a "joy'" stick since the problém is that of

steering a ground vehicle and not an aircraft.
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3.0 TELEVISION FUNCTIONS DURING THE MANNED PHASE

3.1 INTRODUCTION

During the manned phase of the mission, the stereo cameras no longer are
prime in importance, as the astronauts perform the driving function. It

is necessary, then, to consider any means in which the television system
could be used to aid in the pérformance of the scientific mission. It is
assumed at this time that the allotted bandwidth for television transmission
is still available during the manned phase of the mission; however, if
necessary, chahges may be made to the television system in order to allot
additional bandwidth for the telemetry of measurements made by the scien-

tific package.
3.2 IMAGE SMEAR

It should be remembered that the television system ié designed for a
specific unmanned maximum velocity while the expected manned speed will
probably be much higher (by a factor of 4 or 5). This highervspeed can be

~ expected to cause a smear problem, unless the camera shutter speed is less-
ened or a higher degree of stabilization is used. For example, the shutter
speed is selected to prevent smear during the maximum rate of turn at the
maximum unmanned speed of 1.5 meters /second. Operation at the highest
manned speed of approximately 5 meters /second would result in some degree
of smear during turns. For the astronauts to change the shutter speed when
they arrive may cause some problem, dePending upon the type of camera mount-

ing. 1If the shutter is in the form of a rotating disk, a change in the
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driving speed of the motor could change the shutter speed but also would
require a change in the frame rate of the system. A change in the shutter

itself is feasible only if the cameras were internally mounted.

v

3.3 AREAS OF INTEREST

There are three possible areas of interest in the use of the television

system during this unmanned phase. These areas are:

1. Observation of the lunar terrain, providing stereo pictures.

2. Observation of the astronauts when they leave the shelter of the
MOLAB.

3. Observation of any instrument implaced exterior to the vehicle.

The order of the listing does not necessarily indicate a decreasing impor-

tance.

It can be assumed that a main function of the scientific mission is to
provide extensive analytical photography of the lunar surface. One plan24
provides a three camera synoptic view, with each camera exposed through a
filter passing a different portion of the spectrum. The resultant film
provides the high resolution and spectral analysis not available through
the television system, but the return of the film depends on the total

success of the entire mission, i.e., the safe return of the astronauts in

the command module.
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As backup to this phase of the mission, in the case of failure during the
return trip, the cameras are provided with automatic developer and-a samp-
ling of the developed film is televised by a flying spot scanner and sent to
the earth control station. The overall resolution of these pictures is now
limited to the resolution capabilities of the flying spot scanner system
which would be lower than that of the driving cameras. The developing flying
spot scanning system then seems to be a duplication of effort of the already
existing television system, and it appears that the overall performance of the
mission could be improved by giving the television system a limited spectral
analysis capability by the inclusion of selectable filters placed in the
optical path. The limitation of spectral range occurs in the photocathode
itself; however, sensors can be expected to have a wisible and appreciable
ultra-violet sensitivity for the same photocathode material. Tubes have
been built with an infrared sensitivity but introduce additional cboling
problems. The ground station observers would have the prerogative of making
the choice of filters. 1In addition, the feasibility of increasing the reso-
lution of the television should be considered where a reduction of frame rate
could be used to achieve a greater number of lines of resolution as long as
the limiting resolution is not exceeded. An increase in sensitivity would
also accompany the changé. In a comparison of the'two ideas, the foliowing
characteristics are noted:
1, The integration processing system would probably not produce the

quality that could be achieved if the developing were done in an

-earth laboratory. A greater choice of types of film also would re-

sult if the requirement of the incorporated developer were removed.

2. The time lag involved in the developing scanning process does not

occur in the television system. The scientist on the ground has

51



almost immediate access to pictures (stereoptic) and can request ad-

ditional photography of an area having a particular interest.

3. A slight savings in weight is achieved by the elimination of the

developing processor and the flying spot scanner.

The observafion of the astronauts by the television is of interest to

the ground station, not only for the study of their movements while in the
low pressure environment, but also in order to direct them to terrain
features that only the’trained'selenographist may notice. Regarding the
obsérvation of the astronaut's actions, the one or 6ne-ha1f frame per
second operation of the television system may be too slow for corfect in-
terpretation of the mobility problems and the requirement for a faster
frame rate with a corresponding reduction in resolution may be more
feasible. Since the actions of the astronaut would be expected tc bé
relatively slow and deliberate, the increase in the frame rate may not have
be too great to capture the motion. Also, this point of interest may have
been investigated in prior mission to the degree that the asgronaut's

mobility is of only secondary.importance.

Observation of instruments by television shows little interest except
Possibly in the case of the bore hole operations., The instruments have
been selected or designed to produce results in the form of electrical
signals that can be telemetered directly, and are not for physical ob-

servation or direct human interpretation.
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3.4 CONCLUSIONS

The additions and modifications to the television system to enhance its
function during the manned phase of the mission then would be to include

a selectable filter capability and to provide a variable frame rate

(three discrete values) modification to the synchronizing generator. The
inclusion of variable shutter speeds is a possible variance but is not con;
sidered necessary. .A slight additional weight penalty occurs only with

the variable filtering.
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4.0 FEASIBILITY OF TV MONITORS FOR THE

COMMAND AND LUNAR EXCURSION MODULES

4.1 INTRODUCTION

It is desirable to consider the feasibility of including television moni~-
tors for the MOLAB Command Module and the‘LEM in regard to the weight,,
volume, and power penalties involved. The purpose of the monitor would be‘ .
to observe the pictures being generated by the MOLAB and/or earth originated
data.sent to the modules, or to monitor locally produced éelevision. It is
assumed ;hat the monitor must have the capability of operating in the de=~

pressurized module.

4,2 WEIGHT, VOLUME, AND POWER TRENDS

In order to see the trends in weight, volume, and power as the screen size
varies, seven commercial transistorized sets were investigated. (See Figure
1-5.) The actual values are given but are not of primary importance; only
the trends are important, as the values are averages of several models using
the same size screen, At the 15 cm screen diagonal, the ratio of mass to
unit length diagonal is approximately 0.3, decreasing to 0.23 at the 22 cm
diagonal value. The volumetric ratio is more constant as the screen sizes
increase, but does increase at a rate greatef than unity. The volume-to-
diagonal ratio is about 300 at the 12 cm diagonal and increases to 575 at

the 22 cm diagonal,
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FIGURE 4-1 WEIGHT, VOLUME TRENDS FOR TV MONITORS
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4.3 EXAMPLES OF MONITORS

As an example of a monitor designed for space environmment including low

pressure operation, the following data has been extracted.25
Screen Size 15 cm (6 in) useful diagonal
Volume 24585 cm3 (1500 in>)
Mass 9 kg (20 lbm)
Power Consumption 40 watts
Resplution 350 lines (min)
Light Output (Highlights) 30 foot-lamberts

The unit is ruggedized and is capable of operation at critical pressures

of 0.1 to 0.3 psi.

The problems of low resolution occurring in these units could be over-
come by the use of fiber faceplates. Resolutions can be increased by

factors greater than 530 by this technique.

A second unit, also designed for space environment and using the 15 cm
diagonal CRT, required 29500 cc and had the same mass. £ required 60
watts power which was probably due to the extra scanning power required

for operation at the high frame rate of 60 fields/second.
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